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TITLE: REGENERATION INITIATING CELLS 
FIELD OF THE INVENTION 

The present invention relates to methods and compositions comprising 
regeneration initiating cells for the treatment of hyperglycemia, for the 
5 treatment or prevention of pancreatic damage and for stimulating the repair or 
regeneration of islet cells. The methods are useful in the treatment of 
diabetes. 

BACKGROUND OF THE INVENTION 

Until recently, the ability to differentiate into multiple tissue types was 

10 traditionally a property reserved to embryonic stem cells (8-10). Recent 
studies have demonstrated that tissue specific stem cells, thought to have 
restricted differentiation potential to the tissue from which they were derived, 
are capable of producing cellular phenotypes of alternative tissue upon 
transplantation (11,12). This cellular property of stem cells has been termed 

15 "transdifferentiation" (8). A principal example of these observations comes 
from transplantation of bone marrow (BM) derived stem cells that have 
generated unexpected phenotypes in vivo that include muscle (2-4), liver (6), 
brain (1,13), and cells of epithelial lineage (5). These studies suggest that the 
existence of an active pool of stem cells can be procured from the BM 

20 compartment that are capable of either transdifferentiation or represent less 
restricted cells with multiple tissue differentiation potential. In the context of 
regenerative therapies, adult stem cells with these properties has ignited the 
hope of obtaining a source of stem cells with pluripotent potential (14), 
thereby avoiding the necessity of obtaining human embryonic stem cells for 

25 tissue/organ repair. 

Bone marrow derived stem cells have been reported by many groups 
(40; WO 02/13760; WO 02/09650; WO 01/21766; WO 01/21767; US 
6,174,526; and US 2002/0012653). Ikehara at al. (40) relates to the 
reconstitution of irradiated NOD mice with bone marrow cells from BALB/c 

30 nu/nu mice to treat insulitis or diabetes. Than et al. (41) demonstrated that 
allogenic bone marrow transplantation could be used to treat non-insulin- 
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dependent diabetes in mice and could promote morphological recovery of 
islets. 

Although BM derived stem cells have demonstrated trans- or 
multipotent differentiation into damaged tissue, the restoration of physiological 

5 function and implied benefit to the recipients have rarely been demonstrated 
(6,7). Since identification of donor cells adopting alternative tissue phenotypes 
alone does not adequately determine the therapeutic viability of stem cell 
engraftment, more recent studies have associated the number of 
transdifferentiating donor cells observed to liver (6) or cardiac function (7). 

10 However, the low frequency of donor cell chimerism, together with an almost 
complete restoration of tissue function (7), illustrates an enigmatic dichotomy 
between stem cell contribution and physiological recovery that has yet to be 
resolved. 

SUMMARY OF THE INVENTION 

15 , The present inventor has isolated low density mononuclear cells from 
bone marrow that can rescue hyperglycemia and augment pancreatic repair 
and generation of endogenous islet cells in animals with pancreatic damage 
causing diabetes. 

The cells, which are termed regeneration initiating cells (RICs), are 
20 distinguished from stem cells of the prior art in many respects. First, the RICs 
are capable of rescuing hyperglycemia in a diabetic animal, and such 
capability has not been "reported for stem cells. Second, the RICs only 
differentiate and induce endogenous repair in the presence of damaged cells 
or organs. In particular, the inventor has shown that animals given RICs 
25 without pancreatic damage displayed no donor derived cells in the pancreas 
and no endogenous beta cells were formed. In contrast, in animals with 
pancreatic damage the RICs differentiated into epithelial cells in the pancreas 
and there was increased generation of endogenous islet cells. Third, the 
RICs home to the site of damage and do not have to be administered locally. 
30 Fourth, the RICs can be isolated directly from bone marrow and do not need 
to be cultured. In contrast, the stem cells described in the prior art require in 
vitro culture before they display their stem cell properties. 
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Accordingly, the present invention provides a method of preventing or 
treating pancreatic damage comprising administering an effective amount of a 
regeneration initiating cell to an animal in need thereof. 

The invention also provides a method of stimulating the repair or 
5 regeneration, of endogenous islet cells comprising administering an effective 
amount of a regeneration initiating cell to an animal in need thereof. 

The present invention also provides a method of inducing the repair or 
regeneration of a damaged insulin secreting cell comprising administering an 
effective amount of a regeneration initiating cell to an animal in need thereof. 
10 The present invention further provides a method for treating 

hyperglycemia comprising administering an effective amount of a 
regeneration initiating cell to an animal in need thereof. 

The regeneration initiating cell is preferably derived from a human bone 
marrow, human peripheral mobilized blood or human cord blood cells. 
15 The invention also provides a pharmaceutical composition for treating 

and preventing pancreatic damage comprising an effective amount of a 
regeneration initiating cell in admixture with a pharmaceutical^ acceptable 
diluent, excipient or carrier. 

The present invention also includes a pharmaceutical composition for 
20 stimulating the repair or regeneration of islet cells comprising an effective 
amount of a regeneration initiating cell in admixture with a pharmaceutical^ 
acceptable diluent, excipient or carrier. 

The present invention further includes a pharmaceutical composition 
for inducing the regeneration or repair of a damaged insulin secreting cell 
25 comprising an effective amount of a regeneration initiating cell in admixture 
with a pharmaceutical^ acceptable diluent, excipient or carrier. 

The present invention also includes a pharmaceutical composition for 
treating hyperglycemia comprising an effective amount of a regeneration 
initiating cell in admixture with a pharmaceutical^ acceptable diluent excipient 
30 or carrier. 
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Other features and advantages of the present invention will become 
apparent from the following detailed description. It should be understood, 
however, that the detailed description and the specific examples while 
indicating preferred embodiments of the invention are given by way of 
5 illustration only, since various changes and modifications within the spirit and 
scope of the invention will become apparent to those skilled in the art from 
this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in relation to the drawings in 

10 which: 

Figure 1 shows pancreatic damage and induction of hyperglycemia 
after STZ treatment in NOD/SCID mice, a, In vivo model for the induction of 
hyperglycemia and transplant of GFP/FVB BM cells into streptozotozin (STZ)- 
injected NOD/SCID mice, b, IP injection of STZ (n=12) (35mg/kg/day); or 

15 citrated buffer vehicle (n=9) for 5 days followed by sub-lethal irradiation 
(350cGy) and mock transplant (PBS) at day 10 produced elevated blood 
glucose from day 10 through day 42. c, Increased blood glucose correlated 
with decreased systemic insulin measured in identical mice at day 10 and 42. 
Data are shown as mean ± S.E.M. d, H and E staining and 

20 immunofluorescence of pancreatic sections at 10 and 42 days after STZ- 
treatment. STZ-treated mice demonstrated reduced number of islets, altered 
islet morphology and the absence of insulin production, e, f, Flow cytometry 
and immunofluorescence of insulin and GFP expressing cells in the BM and 
pancreas of donor (GFP/FVB, n=4) and recipient (NOD/SCID, n=3) mice. 

25 Scale bars = 50mm. 

Figure 2 shows correction of elevated blood glucose in STZ-treated 
NOD/SCID mice after transplant with functional whole BM or purified c-kit 
expressing BM derived cells, a, b, Comparison of blood glucose in STZ- 
treated mice transplanted with GFP/FVB BM cells (#. n=7), irradiated 

30 GFP/FVB BM cells (▲, n=3), or PBS, (■, n=5) transplanted. Blood glucose in 
mice not treated with STZ (Q n=11) remained normal. Permanent correction 
of elevated blood glucose occurred within 7 days after transplant of GFP/FVB 
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BM cells, c, Correction of blood glucose correlated with increased systemic 
insulin measured in identical mice, d, Flow cytometry for the isolation of 
purified c-kit + (R1) and c-kir (R2) donor BM cells from GFP/FVB mice. e f 
Comparison of blood glucose in STZ-treated mice transplanted with GFP/FVB 

5 BM c-kit + cells (• , n=6), or c-kit- cells (■, n=5). Permanent correction of 
elevated blood glucose occurred 25 days after the transplant of GFP/FVB BM 
c-kit + cells, f, Correction of blood glucose correlated with increased systemic 
insulin measured in identical mice. All glucose and insulin data are shown as 
mean ± S.E.M. g, Flow cytometry of cells isolated from the BM (n=3) and 

10 pancreas (n=3) of STZ-treated NOD/SCID mice transplanted with GFP BM 
cells. GFP + reconstituting cells in the pancreas were devoid of cells 
expressing mature hematopoietic markers. Light line = isotype control, dark 
line = specific antibody, h, i, Correlation of blood glucose correction with the 
frequency of GFP + cells in the BM and pancreas of recipient mice (n=25). 

15 Insets demonstrate the presence of GFP + cells in the BM that do not produce 
insulin. 

Figure 3 shows that transplanted BM derived cells engraft surrounding 
ductal and islet regions in recipient pancreas and produce low frequency of 
donor insulin positive cells devoid of PDX-1 expression, a, GFP and insulin 

20 expression of donor cells engrafting the ductal epithelial region and 
surrounding recipient-derived insulin producing cells. Arrowheads indicate 
insulin producing donor cells located in each region, b, Visualization of insulin 
producing donor (insulin + /GFP + ) cell, c Z-series of a single insulin producing 
donor cell. Arrowheads indicate cytoplasmic staining of insulin granules with 

25 GFP expression throughout the nuclear and cytoplasmic regions. Each panel 
represents serial images (5^im) through the thickness of the section, d, 
Frequency of insulin producing donor cells in the chimeric pancreas of 
NOD/SCID recipients, e, RT-PCR analysis for PDX-1 expression the 
pancreas of NOD/SCID recipients. GFP+ donor cells did not express PDX-1. 

30 Figure 4 shows that GFP + donor cells in the pancreas of recipient 

NOD/SCID mice co-express PECAM-1 and promote the production of 
recipient-derived insulin producing cells, a, GFP + donor cells in the pancreas 
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of recipient NOD/SCID mice express the endothelial cell marker PECAM-1 . 
Arrowheads and inset indicate GFP+/PECAM-1* cells, b, GFP* donor cells in 
the pancreas of recipient NOD/SCID mice do not express the monocyte and 
macrophage marker Mac-1. Insets indicate GFP + /Mac-1 + cells found in the 

5 pancreas of STZ-treated GFP/FVB mice, c, Frequency of PECAM-1* donor 
endothelial cells in the chimeric pancreas of NOD/SCID recipients, d, e, 
Analysis of the number of islets and the number of insulin producing cells in 
the pancreas of STZ-treated NOD/SCID recipients. 

Figure 5 shows that PECAM-1 expressing donor BM derived stem cells 

10 engraft pancreas of recipient mice and correlate with rapid pancreatic insulin 
production, a, Experimental design for the detection of insulin producing cells, 
PECAM-1 expressing donor cells and BrdU labeled proliferating cells in the 
pancreas of hyperglycemic mice 4 and 7 days after transplant with GFP+ BM 
cells or mock transplanted with PBS. b-d, Representative analysis of GFP and 

15 insulin expressing cells detected in pancreatic ductal and islets regions at 4 
and 7 days post IV transplantation of either BM or PBS. e,f, Quantitative 
analysis of the number of insulin producing cells and the number of islet 
structures per section in the pancreas of STZ treated mice, 4 and 7 days post 
transplantation with either BM or PBS. Horizontal dotted line indicates levels 

20 at Day 1 0 prior to transplantation. g,h, Quantitative analysis of the pancreatic 
mass and total pancreatic insulin content in STZ-treated mice 4 and 7 days 
after BM transplant or PBS injection. All data are shown as mean ± S.E.M. 
(n=4 mice per group). A significant (p<0.05) increase in pancreas insulin 
content was observed in BM transplanted mice within 7 days. Horizontal 

25 dotted line indicates levels at Day 10 prior to transplantation. i,j, 
Representative analysis of PECAM-1 expressing GFP+ donor cells 
surrounding pancreatic structures 4 and 7 days post transplantation. 
Arrowheads represent double stained GFP+/PECAM-1+ cells. All scale bars = 
50p.m. k,l Correlation of early blood glucose correction with the frequency of 

30 PECAM-1 + donor cells in the pancreas recipient mice sacrificed 4 days (n=6), 
and 7 days (n=1 1) after BM cell or PBS IV transplantation. 
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Figure 6 shows that the presence of GFP+ donor cells in the pancreas 
of transplanted recipient mice promotes the proliferation of endogenous cells 
in the ductal and pancreatic islet regions, a, Visualization of BrdU-labeled 
proliferating cells in the testicle, intestine, and pancreas of NOD/SCID mice 

5 not injected with STZ. b-d, Visualization of BrdU-labeled proliferating cells in 
the ductal (D) and islet (I) regions of the pancreas of STZ-treated mice, 4 and 
7 days post BM or PBS transplantation. e,f, Serial pancreatic sections were 
either stained for BrdU, or left unstained for detection of GFP, and were then 
superimposed to indicate the presence of recipient vs donor derived 

10 proliferating cells in the ductal and islet pancreatic structures. All scale bars = 
50u.m. 

Figure 7 shows that intravenous transplantation of human cord blood 
mononuclear in recipient NOD/SCID mice treated with streptozotozin (STZ). 
A) Recipient mice treated with STZ were IV transplanted with human CB cells 

15 at Day 10 with low and high doses. Low doses ranged between 5-20 million 
mononuclear cells, and high dose was equal to 50 million mononuclear cells. 
At low doses of transplanted cells, STZ treated mice, induced to become 
hyperglycemic, did not alter their serum glucose levels out to Day 42. At high 
dose of CB cells, transplanted mice treated with STZ demonstrated a rapid 

20 reduction in blood glucose levels unlike low dose CB transplanted mice or 
mice transplanted with PBS. Control mice not treated with STZ, but receiving 
carrier citrate buffer used to resuspend STZ retained normal levels of glucose 
during the experimental period. (n=4-8)B) Levels of human cells in both bone 
marrow (BM) and pancreas of recipient STZ treated mice transplanted with 

25 human CB were evaluated. Level of human engraftment in the BM of 
recipient mice is indicative of hematopoietic stem cell (HSC) function, 
whereas level of engraftment in the pancreas is indicative of RIC function. At 
low dose, levels of human cells engrafting the BM site were considerably 
higher than levels in the pancreas and no reduction of hyperglycemia was 

30 demonstrated (see A above). In contrast, STZ treated mice transplanted with 
high dose CB cells showed a higher level of human cell engraftment in the 
pancreas, as oppose to the BM site. Since the level of human engraftment in 
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the BM did not differ between low and high doses, but the level of pancreas 
engraftment in high dose was much higher than in low dose, the frequency of 
human RICs differs from the frequency of human HSCs, suggesting that these 
human RICs are biologically distinct from human HSCs. Each symbol 

5 indicates individual mice transplanted at doses and tissue indicated. 
DETAILED DESCRIPTION OF THE INVENTION 
I. Therapeutic Methods 

The inventor has shown that intravenous transplantation of 
regeneration initiating cells (RICs) rescued hyperglycemia in streptozotozin 

10 induced diabetic mice. Marked reduction of serum glucose occurred 
concomitantly with insulin production, and was restricted to the transplanted 
cells expressing the stem cell marker c-kit. In the pancreas, although a low 
frequency of donor cells expressed insulin, the majority surrounded ductal and 
islet regions, and expressed the endothelial marker PECAM-1. Corrected 

15 mice possessed a greater number of islets and insulin positive cells; however 
these were shown to be primarily of recipient origin. The results demonstrate 
that transplantation of regeneration initiating cells augments pancreatic repair 
and generation of endogenous islets, thereby providing evidence for a novel 
mechanism by which regeneration initiating cells contribute to restoration of 

20 tissue function. Therefore, the transplantation of regeneration initiating cells 
can indirectly assist in the regeneration and repair of endogenous tissues or 
organs in the recipient without requiring that the regeneration initiating cells 
differentiate into the cell type to be regenerated. The inventor has also shown 
that the regeneration initiating cells do not induce the regeneration or repair of 

25 cells that are not damaged. This feature makes RICs extremely useful as 
therapeutic agents as they only function in situations where repair is 
necessary or desired. Healthy cells will not be induced to regenerate. The 
inventor has isolated regeneration initiating cells from both murine and human 
sources. 

30 Accordingly, the present invention further includes a method of 

inducing the regeneration or repair of a damaged tissue or organ comprising 
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administering an effective amount of a regeneration initiating cell to an animal 
in need thereof. 

The damaged tissue or organ can be any tissue or organ that become 
damaged by either infection or congenital disease or injury. These 

5 tissues/organs include, but are not limited to, pancreas, liver, neural, cardiac, 
skeletal and smooth muscle, endothelium, cartilage, kidney, and epithelium. 

In one embodiment, the present invention provides a method of 
treating or preventing pancreatic damage comprising administering an 
effective amount of a regeneration initiating cell to an animal in need thereof. 

10 The present invention also includes a use of an effective amount of a 
regeneration initiating cell for the manufacture of a medicament for treating or 
preventing pancreatic damage. 

In another embodiment, the present invention also provides a method 
of stimulating the repair or regeneration of endogenous islet cells comprising 

15 administering an effective amount of a regeneration initiating cell to an animal 
in need thereof. The invention also includes a use of an effective amount of a 
regeneration initiating cell for the manufacture of a medicament for stimulating 
the regeneration or repair of damaged islet cells. 

In yet another embodiment, the present invention further includes a use 

20 of an effective amount of a regeneration initiating cell for the manufacture of a 
medicament for stimulating the regeneration or repair of a damaged insulin 
secreting cell. The present invention also includes a use of an effective 
amount of a regeneration initiating cell for the manufacture of a medicament 
for stimulating the regeneration or repair of a damaged insulin secreting cell. 

25 The term "effective amount" as used herein means an amount 

effective, at dosages and for periods of time necessary to achieve the desired 
result (e.g. to treat or prevent pancreatic damage, to repair or regenerate 
endogenous islet cells). For example, in one embodiment an effective 
amount of RICs can correlate to dosages disclosed in Grewal et al., 2003 for 

30 CBT (i.e. 1.5 X 10 7 cells/Kg as mononuclear cells and 1.7 X 10 5 cells/Kg as 
CD34" positive cells). 
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The term "animal" as used herein includes all memb'ers of the animal 
kingdom, including humans. Preferably, the animal to be treated is a human, 
most preferably a human with diabetes. 

The term "stimulating the regeneration or repair" of a particular 
5 damaged organ, tissue or cell type means that the regeneration initiating cells 
augment, assist or induce the repair as compared to the state of the organ, 
tissue or cell type in the absence of the regeneration initiating cells. 

The term "regeneration initiating cell" or "RIC" as used herein means a 
low density mononuclear cell which can be isolated directly from a biological 
10 source (such as bone marrow or cord blood) without culturing, and can home 
into damaged organs/tissues (such as pancreas) and initiate regeneration of 
the organs/tissues by inducing differentiation of endogenous stem/progenitor 
cells to the lost-type or damaged functional cells without differentiating to said 
cells by themselves. 

15 The regeneration initiating cell preferably contains the marker stem cell 

factor receptor, c-kit. The regeneration initiating cell may also contain one or 
more of the markers KDR, AC133, CD34, Tie-1/2, Tek-1/2, VEGF-receptor 
families, CD31, and angiopoietin receptors. 

The regeneration initiating cell can be obtained from a variety of 

20 sources including, but not limited to, peripheral blood, bone marrow, umbilical 
cord cells (including umbilical vein endothelial cells) as well as embryonic 
cells or placenta. Preferably, the regeneration initiating cell is derived from 
cord blood, adult bone marrow or peripheral blood. The source of cells can 
be freshly obtained or can be obtained from previously frozen samples. The 

25 regeneration initiating cell can be derived from any animal and is preferably 
from a mammal such as a rodent or a human, most preferably a human. The 
regeneration initiating cells used in the methods of the invention may be 
patient derived (autologous) or from a donor (allogeneic). 

The term "a cell" as used herein includes a single cell as well as a 

30 plurality of population of cells. Administering a regeneration initiating cell 
includes administering cells that have been prepared or expanded in vitro as 
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well as expanding or stimulating regeneration initiating cells that are present 
in the animal in vivo. 

Preferably, the regeneration initiating cells are prepared and expanded 
in vitro prior to administration to the animal. The regeneration initiating cells 

5 can be isolated from adult bone marrow or peripheral blood using techniques 
known in the art (see WO 01/11011) or described in Example 1 or from 
human cord blood as described in Example 2. Briefly, low density 
mononuclear cells (LDMNC) may be isolated by gradient centrifugation. The 
LDMNC may be used directly as a source for regeneration initiating cells or 

10 the regeneration initiating cells may be further purified from the LDMNC using 
positive or negative selection methods. In positive selection, the regeneration 
initiating cells can be isolated using antibodies that bind to regeneration 
initiating cell markers such as c-kit, KDR, AC133, CD34, Tie-1/2, Tek-1/2, 
VEGF-receptor families, CD31, and angiopoietin receptors. In negative 

15 selection, cells that are not regeneration initiating cells can be removed from 
the LDMNC using antibodies that bind to non-regeneration initiating cell 
markers such as CD3, CD4 and CD8. Using either method the isolated 
regeneration initiating cells can be cultured in serum free conditions 
containing minimal essential amino acids, insulin, transferrin and serum 

20 albumin prior to transplantation in vivo if an expansion of RIC is required. 

The regeneration initiating cells can be administered to the animal 
using a variety of techniques'includihg systemically or directly at the site of a 
tissue or organ, such as the pancreas. The regeneration initiating cell may be 
administering intravenously or by portal vein injection. 

25 The term "treatment or treating" as used herein means an approach for 

obtaining beneficial or desired results, including clinical results. Beneficial or 
desired clinical results can include, but are not limited to, alleviation or 
amelioration of one or more symptoms or conditions, diminishment of extent 
of disease, stabilized (i.e. not worsening) state of disease, preventing spread 

30 of disease, delay or slowing of disease progression, amelioration or palliation 
of the disease state, and remission (whether partial or total), whether 
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detectable or undetectable. "Treating" can also mean prolonging survival as 
compared to expected survival if not receiving treatment. 

The present inventor has shown that transplantation of regeneration 
initiating cells into diabetic mice rescued the hyperglycemia in the mice. 
5 Accordingly, the present invention provides a method of treating 
hyperglycemia comprising administering an effective amount of a 
regeneration initiating cell to an animal in need thereof. The present invention 
also provides a use of an effective amount of a regeneration initiating cell for 
the manufacture of a medicament for treating hyperglycemia. 
10 The term "treating hyperglycemia" means that the glucose levels in the 

animal receiving the regeneration initiating cells will be reduced as compared 
to the glucose levels in an animal not receiving the regeneration initiating 
cells. Glucose levels can be measured using techniques known in the art. 
For example, blood glucose levels may be measured with a glucometer such 
15 as the Elite® diabetes care system from Bayer, Germany. 

In a preferred embodiment, the animal to be treated is a hyperglycemic 
human with diabetes. Accordingly, the present invention provides a method 
of treating diabetes comprising administering an effective amount of a 
regeneration initiating cell to a diabetic animal. 
20 II. Compositions 

The present invention also includes pharmaceutical compositions for 
carrying out the therapeutic methods of the invention. In one aspect, the 
present invention provides a pharmaceutical composition for treating or 
preventing pancreatic damage comprising an effective amount of the 
25 regeneration initiating cell in admixture with a pharmaceutical^ acceptable 
diluent, excipient or carrier. In another aspect, the present invention includes 
a pharmaceutical composition for stimulating the regeneration or repair of 
damaged islet cells comprising an effective amount of the regeneration 
initiating cell in admixture with a pharmaceutical^ acceptable diluent, 
30 excipient or carrier. In a further embodiment, the present invention provides a 
pharmaceutical composition for inducing the regeneration or repair of a 
damaged tissue or organ comprising an effective amount of a regeneration 



WO 2004/011012 



PCT/CA2003/001098 



-13- 

initiating cell in admixture with a pharmaceutical^ acceptable diluent or 
carrier. The invention also includes a pharmaceutical composition for 
inducing the regeneration or repair of a damaged insulin secreting cell 
comprising an effective amount of a regeneration initiating cell in admixture 
5 with a pharmaceutical^ acceptable diluent, excipient or carrier. The invention 
also includes a pharmaceutical composition for treating hyperglycemia 
comprising an effective amount of the regeneration initiating cell in admixture 
with a pharmaceutically acceptable diluent or carrier. 

Such pharmaceutical compositions can be for intralesional, 
10 intravenous, topical, rectal, parenteral, local, inhalant or subcutaneous, 
intradermal, intramuscular, intrathecal, transperitoneal, oral, and intracerebral 
use. The composition can be in liquid, solid or semisolid form, for example 
gelatin capsules, capsules, suppositories, soft gelatin capsules, gels, 
membranes, tubelets, solutions or suspensions. 
15 The pharmaceutical compositions of the invention can be intended for 

administration to humans or animals. Dosages to be administered depend on 
individual needs, on the desired effect and on the chosen route of 
administration. For example, pharmaceutical composition comprising an 
effective amount of RIC cells can be administered. This can be administered 
20 in one dose or multiple doses depending on the treatment protocol. 

The pharmaceutical compositions can be prepared by per se known 
methods for the preparation of pharmaceutically acceptable compositions 
which can be administered to patients, and such that an effective quantity of 
the active substance is combined in a mixture with a pharmaceutically 
25 acceptable vehicle. Suitable vehicles are described, for example, in 
Remington's Pharmaceutical Sciences (Remington's Pharmaceutical 
Sciences, Mack Publishing Company, Easton, Pa., USA 1985). 

On this basis, the pharmaceutical compositions include, albeit not 
exclusively, the active compound or substance in association with one or 
30 more pharmaceutically acceptable vehicles or diluents, and contained in 
buffered solutions with a suitable pH and iso-osmotic with the physiological 
fluids. The pharmaceutical compositions may additionally contain other 
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agents such as agents that are useful in treating hyperglycemia and/or 

treating or preventing pancreatic damage and/or stimulating the repair or 

regeneration of islet cells. 

III. Method of Detecting RIC Cells 
5 The present invention also includes a method or assay system for 

determining whether or not regeneration initiation cells are present in a 

biological sample. 

Accordingly, the present invention also provides a method of detecting 

the presence of a regeneration initiation cell in a sample comprising: 
10 (a) isolating low density mononuclear cells from the sample; 

(b) transplanting the low density mononuclear cells into a recipient 
animal with tissue or organ damage; and 

(c) determining whether or not the transplanted cells engraft the 
damage tissue or organ, wherein engraftment of the damaged tissue or organ 

15 indicates the presence of regeneration initiation cells in the sample. 

The sample used in the assay can be any sample that contains low 
density mononuclear cells such as peripheral blood, bone marrow, umbilical 
cord cells as well as embryonic cells or placenta. Preferably, the sample is 
human cord blood, adult bone marrow or adult peripheral blood. The low 

20 density mononuclear cells may be isolated from the sample using techniques 
known in the art such as gradient centrifugation as described in the examples. 
Prior to transplanting the low density mononuclear cells, they can be further 
purified to enrich for the regeneration initiation cells. For example, the cells 
may be sorted and cells containing the markers c-kit can be selected as 

25 described in Example 1. The cells can also be further sorted based on 
additional markers including KDR, AC133, CD34, Tie-1/2, Tek-1/2, VEGF- 
receptor families, CD31, and angiopoietin receptors. 

The recipient animal can be any animal, preferably non-human, that 
has tissue or organ damage. In one embodiment, the animal is a mouse with 

30 diabetes such as the NOD/SCID mice treated with streptozotozin as 
described in Example 1. 
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The following non-limiting example is illustrative of the present 
invention: 
EXAMPLES 
Example 1 

5 Bone marrow derived regeneration initiating cells rescue hyperglycemia 
by regeneration of recipient islets 
Methods 

Induction of hyperglycemia and blood glucose monitoring 

8-10 week old, immune deficient NOD/SCID mice (Jackson 

10 Laboratories, Bar Harbor, MA) were injected with 35mg/kg streptozotozin 
(STZ) (Sigma-Aldrich, Oakville, ON) daily for days 1-5. STZ was solubilized in 
citrate buffer pH 4.5 and injected within 15 minutes of preparation. Blood 
glucose was measured between 8-10 am, twice weekly from days 0-14 and 
weekly from days 14-42 with a glucometer Elite® diabetes care system 

15 (Bayer). Peripheral blood (100uL) was collected on days 0, 10 and 42 and 
serum insulin was quantified using an 125 l-labelled murine insulin-specific 
radio-immuno assay kit (Linco). For the in vivo detection of proliferating cells 
in the pancreas of recipient NOD/SCID mice, BrdU (50ug/kg body weight in 
PBS, Sigma) was IP injected 16 and 2 hours prior to pancreas extraction. 

20 NOD/SCID mice were maintained under sterile conditions in micro-isolator 
cages in ventilated racks and treatment protocols were approved by the 
animal care and ethics committee at the University of Western Ontario. 
Transplantation of hyperglycemic mice 

The BM cells from Green Fluorescent Protein (GFP) expressing 

25 transgenic Friend leukemia virus B (FVB) mice (37) were extracted from the 
tibiae, femurs and iliac crest and isolated (LD) MNCs obtained by gradient 
centrifugation were transplanted by tail vein injection into sub-lethally 
irradiated (350cGy), STZ-treated or untreated NOD/SCID mice according to 
standard protocols. GFP* BM cells were transplanted de novo or irradiated 

30 (1 500cGy) prior to transplant in order to arrest their proliferative capacity. GFP 
expressing c-kit" and c-kit* cells were directly purified at high speed by 
staining with anti-CD117-APC (c-kit) antibody (Beckton Dickinson) and sorted 



WO 2004/011012 



PCT/CA2003/001098 



-16- 

using fluorescence activated cell sorter (FACS Vantage SE) and CellQuest™ 
software (BD). Sorting gates were established on GFP+ BM cells stained with 
fluorochrome conjugated lgG1 as isotype (BD). c-kit + and okif cells were also 
plated into methocult™ GF M3434 semisolid media (Stem Cell Technologies) 
5 and assayed for in vitro clonogenic progenitor capacity as described 
previously (38). Colony formation was enumerated by light microscopy 
following incubation for 14 days. 
Flow cytometry of murine BM and pancreas 

BM cells were harvested from the tibiae, femurs and iliac crest of 
10 transplanted mice and the proximal portion of each pancreas was harvested 
and mechanically separated into a single cell suspension. Approximately 10 
murine BM or pancreas cells were stained with 7-AAD viability dye (Beckman 
Coulter) and analyzed for GFP expressing donor cells on a FACS Calibur 
cytometer (BD). For multilineage analysis of hematopoietic cell surface 
15 markers, BM or pancreas cells were incubated with murine pan-leukocyte- 
specific marker anti-CD45-APC in combination with anti-CD3-PE, anti-NK1.1- 
PE, anti-Mac-PE, anti-Gr-1-PE or isotype matched controls (all antibodies 
from BD) and analyzed after gating for GFP* donor cells. 
Pancreatic Insulin 

20 Pancreata were removed from the mice and insulin was extracted by 

mechanical homogenization in the presence of 1mL acid ethanol (165mM 
Hcl/75% ethanol). After 18h incubation at 4°C, insulin was quantified in the 
supernatant by radioimmunoassay (Linco) and normalized per mg pancreatic 
tissue (39). 

25 Immunohistochemistry 

The distal portion of pancreatic tissues were fixed overnight in 10% 
buffered formalin, incubated with 30% sucrose in 0.1 M PBS at 4°C and 
embedded in frozen tissue embedding gel (Fisher). Serial sagital cryosections 
were cut at a thickness of 5um and spanned approximately 760u.m of the 

30 distal region of the pancreas. Mounted sections were also immuno-stained 
with mouse anti-insulin (1:2000, Sigma), rat anti-PECAM-1 (CD31)(1:20, BD), 
rabbit anti-Mac-1 (CD11b)(1:10, BD), rabbit anti-GFP (1:20 Santa Cruz) or 
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isotype matched control antibodies. Labeled cells were visualized using a 
biotin conjugated secondary antibody with a streptavidin-Texas red system 
(Vector Laboratories). Isotype-matched antibodies and PBS were used as 
control for stained sections. Nuclear regions were stained with 4, 6 diamidino- 

5 2-phenylindole (DAPI) counter-staining (Vector). Images were collected with 
an Olympus confocal laser-scanning microscope. 
Histomorphormetry 

Sections from each transplanted mice were stained with hematoxylin 
and eosin (HE) to examine pancreatic islet morphology after STZ-treatment 

10 and subsequent transplantation. Islet size and number were scored using an 
Olympus light microscope IX50 and a computer-assisted image analysis 
program (Image Pro Plus 4.5). 
RT-PCR analysis 

Unprocessed cells from the pancreas of transplanted chimeric mice 

15 were sorted for GFP + (donor) and GFP' (recipient) cells using a FACS 
Vantage SE cytometer and flash frozen in liquid nitrogen. mRNA was 
extracted using QuickPrep micro mRNA purification kit and cDNA was 
synthesized using first strand cDNA synthesis kit (Amersham Pharmacia). 
PDX-1 specific sequences were amplified by PCR (Gene Amp® PCR System 

20 9700, Perkin Elmer) using the primers PDX-1 -Forward, 5' CCA CAC AGC 
TCT ACA AGG ACC 3' and PDX-1 -Reverse, 5' CGT TGT CCC GCT ACT 
ACG TTTC 3' and beta actin-P1, 5' GATCCACATCTGCTGGAAGG 3' and 
P2, 5' AAGTGACGTTGACATCCG 3'. 
Statistics 

25 Blood glucose and serum insulin concentrations were shown as the 

mean ± standard error of the mean (S.E.M.) for mice grouped according to 
transplanted cell populations or mock (PBS) injection. Statistical analysis for 
significance was performed by a two-tailed Student's t-test. 
Results 

30 To determine the cellular mechanism and physiological relevance of 

BM derived regeneration initiating cells to restore tissue function, the inventor 
has adopted a murine model of chemically induced pancreatic damage that 
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causes diabetes in recipients (15). Using streptozotozin (STZ) induced 
diabetic recipients, together with donor GFP expressing BM cells from 
transgenic mice; the inventor designed an experimental approach outlined in 
Figure 1a. Immune-deficient recipients were treated for 5 days with 35 
5 mg/kg/day of STZ with 5 consecutive daily injections beginning at Day 1 . As 
shown in Figure 1b, by day 10, 100% of the treated mice were hyperglycemic 
(blood glucose >13.9 mmol/L) and were intravenously transplanted with GFP 
derived bone marrow from allogenic donors. Blood glucose and serum insulin 
were monitored throughout the experiment at times indicated (Figure 1a). 
10 By day 42, blood glucose levels elevated above 30 mmol/L (Figure 1b) 

and as many as 40% of animals either died or had to be sacrificed (data not 
shown). Increased blood glucose levels correlated with drastic reductions in 
serum insulin observed by day 10, that remained attenuated at day 42 
compared to untreated controls (Figure 1c). Reduction in serum insulin was 
1 5 directly associated with the initial destruction of pancreatic islets at day 1 0 and 
eventual absence of detectable islets at day 42 compared to control untreated 
mice detected by morphological assessment of Hematoxalin and Eosin (H+E) 
and insulin specific antibody stained pancreatic sections (Figure 1d). The 
absence of mature hematopoietic cells (CD3+ T-cells, NK+ natural killer cells, 
20 MAC-1+ macrophage, and GR-1+ granulocytes, data not shown) in the 
pancreas of NOD/SCID mice before or after STZ treatment confirmed the 
mechanism of STZ induced islet damage and secondary hyperglycemia is not- 
mediated through autoimmune response. 

Upon establishing a reliable model that provided physiological indices 
25 associated with tissue damage such as blood glucose and serum insulin, the 
inventor sought to examine the function of transplanting BM derived 
regeneration initiating cells from transgenic GFP expressing donors. By FACS 
analysis, greater than 90% of BM mononuclear cells expressed GFP in 
transgenic mice transcribing GFP by the ubiquitin promoter (Figure 1e). In 
30 addition, tissue sections of the pancreas of GFP mice indicated that 
pancreatic islet cells producing insulin expressed GFP as detected by 
confocal laser scanning microscopy (Figure 1e). In contrast, untreated 
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NOD/SCID recipients were devoid of GFP+ cells in the BM and although the 
islets could be observed in pancreatic sections, no background fluorescence 
of GFP specific emissions were detected (Figure 1f). 

Mice treated with STZ demonstrated elevated blood glucose levels 

5 between 25-30 mmol/L by day 10, in contrast to control groups of mice 
injected with citrate buffer (used as the carrier for STZ) that maintained 
normal glucose levels for the entire experimental period (Figure 2a). At day 
10, STZ induced diabetic mice were randomly separated into 2 groups; one 
receiving mock intravenous transplants of PBS, and the other receiving whole 

10 BM harvested from GFP transgenic donors (Figure 2a). By day 17, blood 
glucose levels were markedly reduced in diabetic mice transplanted bone 
marrow and continued to be suppressed to day 42, whereas animals 
transplanted with PBS showed no alteration in the initially elevated blood 
glucose and remained hyperglycemic (Figure 2a). To evaluate whether 

15 transplanted BM cells were secreting factors capable of controlling glucose 
levels in vivo, similar experiments were performed where hyperglycemic mice 
were transplanted with irradiated BM cells. Irradiated BM cells have previously 
been shown to become senescent, while maintaining survival and active 
secretion of soluble factors and membrane expressed proteins (16). Similar to 

20 previous results, mice transplanted with whole BM showed marked decrease 
in blood glucose levels at day 17 to day 42; however, diabetic animals 
intravenous (IV) transplanted with irradiated BM did not show any reduction in 
blood glucose (Figure 2b), similar to PBS transplanted mice (Figure 2a). 
Untreated control mice showed normal levels of serum insulin at day 0, 

25 whereas by day 10, serum insulin levels were reduced in mice treated with 
STZ (Figure 2c). Neither PBS nor irradiated BM transplantation were able to 
restore serum insulin levels, whereas mice transplanted with whole BM 
demonstrated complete recovery (Figure 2c). The results indicate mitotically 
active BM cells are able to reduce levels of blood glucose and elevate levels 

30 of serum insulin in diabetic recipient mice having undergone pancreatic tissue 
damage. 
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To determine the nature of cells residing in the BM compartment 
capable of rescuing hyperglycemia in diabetic recipients, BM mononuclear 
cells from GFP mice were divided into subpopulations of cells expressing or 
lacking the regeneration initiating cell marker, c-kit (17,18). Viable 7AAD 
5 excluding cells (R1, not shown) were gated and sorted into c-kif (R2) and c- 
kit + (R3) subsets (Fig. 2d) at > 96% purity. C-kit- and c-kit+ BM cells were 
transplanted by IV transplantation into STZ induced diabetic mice (Figure 2e). 
Diabetic mice transplanted with c-kif cells at cell doses of 2 x 10 6 cells were 
unable to alter hyperglycemia. In contrast, mice transplanted with as few as 1 

10 x 10 5 c-kif cells (20 fold less than the number of c-kit" cells) showed marked 
reduction in blood glucose levels by days 28 to 35 and eventually decreased 
to levels similar to reductions achieved using whole BM (Figure 2e). The delay 
of blood glucose reduction, compared to unpurified BM cells, is reminiscent of 
delayed hematopoietic reconstitution using highly purified hematopoietic 

15 regeneration initiating cells (18). Similar to the effects of whole BM 
transplantation (Figures 2a,b), c-kit + cells were able to increase serum insulin 
levels by day 42-49, that correlated with the drastic reduction in blood glucose 
levels, whereas transplantation of c-kif cells had no effect on physiological 
state of diabetic mice (Figure 2f). The results indicate that c-kit + cells derived 

20 from the BM compartment are capable of restoring serum insulin and 
controlling blood glucose, suggesting that primitive BM regeneration initiating 
cells are responsible for correction of hyperglycemia. 

As shown in a representative example, both purified and unpurified BM 
derived cells contributed to chimerism in the BM as expected, but also 

25 engrafted the damaged pancreas of STZ treated recipients (Figure 2g). Donor 
reconstituted mice contained T, NK, macrophage and granulocytic donor 
(GFP+) cells, whereas mature hematopoietic cells from the donor were absent 
in the pancreas, despite the presence of an average of 14.4 % GFP+ donor 
derived BM cells (Figure 2g). Irradiated untreated mice showed less than 0.5 

30 ± 0.2 % of donor GFP cells (n=11, data not shown). Frequency of donor 
chimerism in either pancreas or BM, as measured by the percentage of GFP+ 
cells detected in transplanted diabetic miqe, was related to observed 
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reductions in blood glucose (Figures 3h and i). The level of donor engraftment 
in the pancreas did not correlate with decreased blood glucose (R=0.51); 
however, reconstitution of the BM compartment with donor cells was directly 
related to corrected hyperglycemia (R= 0.92). Since in vitro cultures of cell 
5 types have been shown to induce insulin secretion in high glucose containing 
conditions (19,20), the inventor sought to determine whether transplantation 
of BM cells into hyperglycemic environments were able to induce BM cells to 
produce insulin in vivo. As shown in a representative example, mononuclear 
cells from the BM of engrafted mice were devoid of insulin expression (Figure 
10 2h, inset) suggesting that donor BM cells were not providing insulin in rescued 
mice. 

Due to the absence of mature hematopoietic marker expression in the 
pancreas of rescued hyperglycemic mice, the inventor analyzed pancreatic 
sections of diabetic mice by immunohistochemistry. As indicated by H+E 

1 5 staining , donor GFP+ cells were detected specifically in both the ductal (No. 1 ) 
and surrounding islets regions (No.2) (Figure 3a). Staining with insulin specific 
antibodies revealed that the majority of BM derived GFP+ cells were devoid of 
insulin secretion in either pancreatic site; however, a low frequency of donor 
BM derived cells (GFP+) also co-expressed insulin (indicated by arrows, 

20 Figure 3a, GFP/lnsulin panels). To further explore the validity of detecting 
insulin producing BM derived cells, single cells were analyzed by confocal 
laser scanning microscopy (Figure 3b), and in depth z-series image analysis 
to assure intact insulin producing cells were being identified (Figure 3c). In a 
representative example, subcellular localization of GFP protein was observed 

25 in both nuclear and cytoplasmic compartments, whereas insulin was found 
exclusively in the cytoplasm and not in 4, 6 diamidino-2-phenylindole (DAPI) 
stained nuclei (Blue, Figure 3b). Using fixed x and y coordinates, incremental 
z-series images indicated that single GFP+ cells expressed insulin were 
detectable in the same plane as insulin protein (Figure 3c). In addition, insulin 

30 staining followed a punctate pattern, suggestive of organized insulin 
production in cytoplasmic vesicles (arrows, Figure 3c). These observations 
are analogous to previous reports demonstrating the ability of BM derived 
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regeneration initiating cells to adopt alternative tissue phenotypes upon 
transplantation, thereby identifying cells with displaying transdifferentiation 
properties. 

By demonstrating the potential of mammalian cells to spontaneously 
5 fuse and adopt dual phenotypes of mixed cell populations, an alternative 
explanation to observed transdifferentiation properties of adult regeneration 
initiating cells has been provided (21,22). To date, cellular fusion has not been 
examined using in vivo transplantation models that have observed potential 
transdifferentiation (23). Nevertheless, the explanation of spontaneous fusion 

10 does not account for the few reports that demonstrate physiological 
restoration of tissue function after transplantation of "transdifferentiating" BM 
derived regeneration initiating cells. To contribute to the resolution of this 
issue using the inventor's model, the inventor quantitatively compared the 
frequency of donor GFP+ BM cells capable of co-expressing insulin in the 

15 pancreas of transplanted mice treated or not treated with STZ (Figure 3d). 
GFP+ cells that co-express insulin were absent in non-diabetic mice 
transplanted with BM cells, whereas a frequency of 2.5% of all insulin positive 
cells in the pancreas of rescued diabetic animals were of donor origin 
(GFP+/lnsulin+). The presence of insulin expressing donor cells was only 

20 observed in mice treated with STZ, suggesting that pancreatic damage was 
required to induce this phenotype. To determine whether insulin positive cells 
derived from BM have undergone normal differentiation associated with beta 
cell differentiation, donor GFP+ and GFP- recipient cells were isolated from 
the pancreas of rescued diabetic mice and analyzed for the expression of the 

25 transcription factor, PDX-1. PDX-1 expression has been shown to be 
essential for the induction of beta cell fate during embryonic and adult islet cell 
differentiation (24). To date, molecular determinants of cell fate have yet to be 
evaluated in observed transdifferentiating progeny (25). Recipient GFP- 
pancreatic cells showed expression of PDX-1, indicative of active islet 

30 regeneration, whereas donor GFP+ cells derived from the BM were devoid of 
PDX-1 expression (Figure 3e). Both populations expressed the house keeping 
gene, beta actin. Differential expression of PDX-1 suggests that although BM 
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derived cells were capable of adopting islet cell phenotype (insulin 
production), they do not appear to demonstrate cellular differentiation process 
previously associated with beta cell development (26). The results 
demonstrate that insulin positive BM derived regeneration initiating cells are 
5 detected preferentially in the damaged pancreas of diabetic mice (Figure 3d), 
and may represent transdifferentiation of BM regeneration initiating cells or 
cellular fusion events occurring in vivo. More importantly, irrespective of the 
mechanism and origin from which these cells arise, the low frequency of these 
insulin producing BM derived cells suggests they are unable to account for the 

10 marked increase in serum insulin and physiological correction of 
hyperglycemia in transplanted recipients (Figures 2a-f). 

The cellular process of regenerative tissue repair in the adult has been 
thought to be comparable to organogenesis in the developing embryo (27). In 
the case of pancreatic development, the invagination of mesenchymal cells 

15 allows the initial emergence of pancreatic tissue by interaction with 
endothelium and subsequent islet neogenesis (28). Recent evidence indicates 
that the endothelial interaction is critical for pancreatic beta cell development 
(29). Based on the essential role of endothelium in islet and beta cell 
development, the pancreas of rescued diabetic mice were examined for the 

20 presence of endothelial cells. Although recipient endothelial cells, identified by 
expression of the endothelial marker PECAM-1 (platelet/endothelial cell 
adhesion molecule-1) (29,30), could be identified in regenerative pancreatic 
sections (GFP-/PECAM-1+), a large proportion of endothelial cells were of 
donor (GFP+/PECAM-1+) origin (Figure 4a, arrows). Magnified image of 

25 GFP+ and PECAM-1 + detection of single donor cells is shown (Figure 4a, 
inset). Despite the absence of mature hematopoietic cells in the pancreas of 
engrafted mice (Figure 2f), pancreas sections were also counterstained with 
MAC-1 specific antibodies to assure the absence false positive endothelial 
cell identification. All sections were devoid of MAC-1 positive cells (Figure 

30 4b). Insets show GFP+ macrophage isolated from the BM of GFP transgenic 
mice as positive staining controls. The number of endothelial (PECAM-1 +) 
positive BM derived cells detected in mice transplanted with purified or 
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unpurified BM cells was compared between STZ treated or untreated recipient 
mice (Figure 4c). As many as 9.2% of donor BM derived cells engrafting 
ductal or surrounding islet regions were of the endothelial lineage 
(GFP+/PECAM-1 +), in contrast to untreated transplanted mice that were 

5 devoid of donor endothelial cells. 

Since the majority of insulin producing cells in the pancreas of rescued 
diabetic mice were not of donor origin (lnsulin+/GFP-, Figure 3d), and donor 
endothelial cell engraftment was detected in recipient pancreatic tissue, the 
inventor investigated whether the source of serum insulin and normalized 

10 blood glucose was arising from an endogenous source. Quantitative 
histomorphormetric analysis indicated that the total number of islets 
(expressed per mm 2 ) in mice transplanted with BM was greater than 
hyperglycemic mice transplanted with PBS or irradiated BM (Figure 4d). 
Moreover, the number of insulin positive cells per section was higher in 

15 transplanted mice compared to PBS or irradiated BM transplanted controls 
(Figure 4e). Identification of donor endothelial cell engraftment in both ductal 
and surrounding islet regions, combined with increased number of insulin 
producing cells suggests that physiological rescue of hyperglycemia coincides 
with regeneration of recipient islets. Aside from the low frequency of donor 

20 cells adopting islet phenotypes, the results reveal a novel cellular mechanism 
by which transplantation of BM derived regeneration initiating cells contribute 
' to tissue regeneration arid restoration of organ function. 

To examine the cellular mechanism by which BM derived regeneration 
initiating cells are capable of initiating recipient pancreatic regeneration, the 

25 pancreata of STZ-induced diabetic mice transplanted with either purified BM 
cells or PBS were analyzed 4 (Day 14) and 7 (Day 17) days post 
transplantation for endothelial cell engraftment and insulin production at the 
onset of blood glucose correction (Fig. 5a). As early as 4 days post BM 
transplantation, donor GFP+ cells engrafted surrounding areas of the 

30 pancreatic ducts and within recipient islets (Fig. 5b). Only islet regions 
contained insulin expressing cells, whereas no insulin producing cells were 
observed in ductal regions (Fig. 5b). By Day 17, ductal and islet sites were 
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surrounded by larger numbers of BM derived donor cells (Fig. 5c). Islet 
structures in BM transplanted mice contained greater numbers of insulin 
producing cells (Fig. 5c), in contrast to diabetic mice transplanted with PBS 
that contained few islets and only residual insulin expressing cells (Fig. 5d). At 
5 Day 14, quantitative analysis of pancreatic tissue sections indicated that there 
was no statistical difference in the number of insulin producing cells or 
number of total islets between diabetic recipients transplanted with BM or 
PBS, whereas by Day 17, significantly greater numbers of insulin producing 
islet structures were observed in BM transplanted recipients only (Fig. 5e and 

10 f). Donor derived GFP+ cells capable of expressing insulin were not 
detectable at either Day 14 or 17, suggesting that insulin producing BM 
derived cells (phenotypically transdifferentiating cells) detected at Day 42 (Fig. 
3b and c) arise only after prolonged periods in vivo (Fig. 5e). Since elevated 
blood glucose was reduced by Day 17, and donor GFP+/lnsulin+ cells were 

15 not observed at this time, it was suggested that BM derived 
transdifferentiating cells do not contribute to the onset of glucose control. 

At Day 14, the concentration and total pancreatic insulin were similar in 
BM and PBS transplanted mice, whereas by Day 17, diabetic recipients 
transplanted with BM showed marked increases in insulin content (Fig. 5g and 

20 h, dotted horizontal line indicates insulin level at Day 10 prior to IV 
transplantation). This increase in insulin producing cells and pancreatic 
regeneration observed at Day 17 correlated with significant reductions 
(p<0.001) in blood glucose levels (16.5 ± 1.1 mmol/l, n=7) as compared to 
PBS transplanted mice that remained hyperglycemic (29.8 ± 12 mmol/l, n=6), 

25 whereas no statistical difference in blood glucose was observed in BM vs PBS 
transplanted recipients at Day 14 (20.7 ± 2.5 vs 28.6 ± 4.6 respectively). 
Further analysis of the pancreata of BM transplanted mice indicated that 
donor derived endothelial (GFP+/PECAM-1+) cells were detectable in both 
ductal and islet regions at 4 and 7 days post transplantation (Fig. 5i and j). In 

30 contrast to Day 14 (Fig. 5k), quantitative analysis of the frequency of donor 
derived endothelial cells in the pancreas demonstrated a direct correlation 
between endothelial engraftment and reduction of blood glucose by Day 17 
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(r=0.96, Fig. 51). The results indicate that a rapid regeneration of insulin 
producing cells arising within islet structures occurs within 4-7 days post 
transplantation of BM derived cells, thereby providing an endogenous source 
of pancreatic insulin capable of reducing blood glucose levels in diabetic 
5 recipients. The engraftment of BM derived endothelial cells strongly correlates 
with the rapidity of recipient pancreatic islet regeneration, resulting in 
reductions in blood glucose. 

Recipient cells within ductal and islet regions proliferate in response to 
pancreatic engraftment of transplanted BM derived regeneration 
10 initiating cells 

Since STZ treatment eliminates insulin-producing cells prior to BM 
transplantation, and production of pancreatic insulin is recovered by the 
emergence of newly formed insulin producing cells by Day 17 (Fig.. 5), the 
inventor surmised that cells within the recipient pancreas must proliferate 

15 rapidly to establish their newly generated pools of insulin expressing cells 
within 7 days. To determine the presence and origin of proliferating pancreatic 
cells that allow generation of beta cells, hyperglycemic mice transplanted at 
Day 10 with either BM or PBS were given 2 single injections of BrdU at 50 
ug/kg body weight and sacrificed at Day 14 or Day 17 for analysis of 

20 proliferating cells incorporating this nucleotide (Fig. 5a). To determine the 
normal homeostatic turnover of pancreatic cells in recipients, untreated 
NOD/SGID mice were injected with BrdU and examined for the presence of - 
proliferating cells (Fig. 6a). Unlike tissue known to undergo continual renewal, 
such as the testis and intestine, undamaged pancreas of normoglycemic mice 

25 contained nearly undectable numbers of proliferating (BrdU+) cells (Fig. 6a), 
suggesting that under normal physiological conditions the pancreas is not 
capable of a high frequency of cellular turnover. In contrast, by Day 14, the 
damaged pancreata of STZ induced diabetic mice that were transplanted with 
BM derived cells contained proliferating cells in both ductal and islet sites, 

30 which further increased by Day 17 (Fig. 6b and c). The proportion of total 
ductal and islet structures containing proliferating cells was quantitated (Fig. 
6b and c, bottom right of panels). At Day 14, appropriately 33% of all ductal 
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structures contained cells undergoing cell division, whereas as many as 75% 
of islet structures contained proliferating cells (Fig. 6b). By Day 17, the 
proportion of proliferating ductal sites increased to 74%, whereas all islet 
structures observed contained proliferating cells (Fig. 6c). In contrast, the 
5 pancreas of diabetic mice transplanted with PBS possessed no proliferating 
cells in either ductal or islet structures at Day 14 (data not shown) or Day 17 
(Fig. 6d). 

Since transplantation of irradiated BM cells was unable to rescue 
hyperglycemia (Fig. 2b), it was predicted that proliferating (BrdU+) donor BM 

10 cells may account for the proliferating cells observed in the ductal and islets 
sites of transplanted mice. To examine the origin of proliferating cells 
observed in the pancreas of recipient mice, serial 5mM sections of ductal and 
islets tissue were stained with BrdU antibody and the following section 
examined for donor derived GFP+ cells. These sequential sections were 

15 compared independently and also superimposed to identify the number of 
donor proliferating cells (BrdU+/GFP+). Simultaneous BrdU+ and GFP+ cells 
cannot be visualized on the same tissue section since acid treatment required 
for denaturation of DNA during BrdU staining destroys fluorescent properties 
of GFP. Of the proliferating (BrdU+) cells surrounding the pancreatic ductal 

20 regions of BM transplanted mice, the majority of proliferating cells did not co- 
localize with GFP+ donor cells as determined by either direct side by side 
comparison of sequential sectidns or by identification of BrdU+/GFP+ (yellow) - 
cells upon superimposing serial images (Fig. 6e). Proliferating BrdU+ cells 
found in the islet regions contained few, although a greater proportion of 

25 BrdU+/GFP+ BM derived donor cells than the ductal regions (Fig. 6f). Based 
on this analysis, the results indicate that the majority of proliferating cells in 
the ductal and islet regions are of recipient origin. The inventor suggest that 
regeneration of pancreatic structures leading to production of insulin 
expressing cells is a function of endogenous cell proliferation and 

30 differentiation initiated by transplantation and engraftment of BM derived 
regeneration initiating cells. 
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Recent excitement in the area of tissue repair has focused on the 
transdifferentiation potential of regeneration initiating cells observed after 
transplantation (14,25,27). The recovery of cardiac stroke volume after 
myocardial infarction (7), and recovery of enzymatic production of liver 
5 enzymes in FAH null mice (6), have suggested that transdifferentiating BM 
derived regeneration initiating cells are capable of providing a physiological 
benefit to recipients. However, the inability of the low frequency of 
transdifferentiating regeneration initiating cells to account for functional 
restoration of recipients tissue, has suggested that alternative mechanisms 

10 may be present. The present invention provides a novel mechanism by which 
BM derived cells may contribute to tissue/organ repair by participating in 
endogenous regeneration. Therefore the use of BM transplantation is a 
feasible approach to manage patients with pancreatic tissue damage and that 
may also provide a means to assist in the regenerative process of other tissue 

15 types. 

Example 2 

Human Regeneration Initiating Cells 

The isolated mononuclear cells from the human CB were transplanted 
intravenously into recipient NOD/SCID mice treated with streptozotozin. The 

20 LDMNCs were insolated by gradient centrifugation using Ficoll-pague 
(Pharmacia, USA). The mice were either transplanted with high or low doses 
of the mononuclear" cells. As is shown in Figure 7, in mice receiving 5^20 X 
10 6 mononuclear cells there was engraftment of the cells in the bone marrow 
but not in the pancreas. In contrast, when mice receive 50 X 10 6 

25 mononuclear cells there was engraftment of both bone marrow and the 
pancreas. At low doses of the mononuclear cells, no reduction in 
hyperglycemia was demonstrated although it was demonstrated at the higher 
dose. It is expected that the different observations at high and low doses are 
due to the fact that the regeneration initiation cells occur at a low frequency 

30 and therefore their effect is demonstrated only at higher doses. In contrast, 
hematopoietic stem cells occur at a higher frequency and account for the 
bone marrow engraftment seen at the lower doses. Consequently, the results 
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demonstrate that the regeneration cells are biologically distinct from 
hematopoietic stem cells. 

While the present invention has been described with reference to what 
are presently considered to be the preferred examples, it is to be understood 
5 that the invention is not limited to the disclosed examples. To the contrary, the 
invention is intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the appended claims. 

All publications, patents and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
10 individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 
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